ABSTRACT: Live cell imaging requires bright photostable dyes that can target intracellular organelles and proteins with high specificity in a no-wash protocol. Organic dyes possess the desired photochemical properties and can be covalently linked to various protein tags. The currently available fluorogenic dyes are in the green/yellow range where there is high cellular autofluorescence and the near-infrared (NIR) dyes need to be washed out. Protein-mediated activation of far-red fluorogenic dyes has the potential to address these challenges because the cell-permeant dye is small and nonfluorescent until bound to its activating protein, and this binding is rapid. In this study, three single chain variable fragment (scFv)-derived fluorogen activating proteins (FAPs), which activate far-red emitting fluorogens, were evaluated for targeting, brightness, and photostability in the cytosol, nucleus, mitochondria, peroxisomes, and endoplasmic reticulum with a cell-permeant malachite green analog in cultured mammalian cells. Efficient labeling was achieved within 20−30 min for each protein upon the addition of nM concentrations of dye, producing a signal that colocalized significantly with a linked mCerulean3 (mCer3) fluorescent protein and organelle specific dyes but showed divergent photostability and brightness properties dependent on the FAP. These FAPs and the ester of malachite green dye (MGe) can be used as specific, rapid, and wash-free labels for intracellular sites in live cells with far-red excitation and emission properties, useful in a variety of multicolor experiments. U nderstanding of the dynamics of cellular proteins and organelles became possible with the discovery of fluorescent proteins (reviewed by S. J. Remington) 1 and their application to live cell imaging 2 as reporters and fusion proteins localized to intracellular organelles. Fluorescent proteins (FPs) are now available in a range of colors from blue to red and recently to the near-infrared; 3 there are a set of photoconvertable, photoactivated, and phototoxic FPs. FPs can be split into two pieces to monitor protein−protein interactions; can be modified to act as Ca 2+ , pH, and redox sensors; and when unnatural amino acids are incorporated into the chromophore, function as specific hydrogen sulfide detectors. 4 In spite of these considerable advances, these proteins have limitations. Photostability and brightness of FPs is typically lower than spectrally similar dye molecules, and chromophore maturation is a post-translational process that results in a long maturation time for most FPs. In addition, many proteins show photoactivation or photoconversion properties upon imaging that can result in complex effects in multicolor experiments. 
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Fluorogens are fluorescence generating dyes that are dark until constrained, bound or activated, ensuring that unreacted dye produces a minimal background signal. Fluorescence is produced only when the dye is bound or modified by the target, providing temporal control of the signal based on the addition of dye (e.g., before or after drug addition). Spatial control of the signal is achieved by fusing the activating protein to a specific protein or peptide that targets an organelle. Targeted fluorogenic signals have been demonstrated using FlAsH/ ReAsH, 23, 24 SNAP-tag, 22,25−27 and BL-tag 28 systems; however each of these techniques requires long incubation times or washing. Recently, a method called PYP-tag exploited the environmental sensitivity of a coumarin-based fluorogen for the covalent labeling of cytosolic proteins within several minutes without washing. 29 For actin or tubulin, live cell labeling can be achieved using SiR-actin or SiR-tubulin. 30 For membrane proteins, SNAP-tag anchoring of the solvatochromic membrane dye Nile Red achieved fluorogenic labeling by proximal activation of the dye in the plasma membrane. 31 Another promising method utilizes specifically selected Fluorogen Activating Proteins (FAPs) that bind and activate otherwise nonfluorescent dyes. 32 FAPs are derived from a single chain variable fragment (scFv) scaffold and were selected to bind and activate fluorogenic dyes including various cyanine 33 and triarylmethane dyes. Fluorogens derived from the malachite green chromophore are highly fluorogenic, emit in the far-red spectral region, and display low nonspecific activation in living cells, even when used in a cell-permeant form. 32 With maximum excitation and emission wavelengths in the far-red (e.g., ex 636 nm/em 664 nm), phototoxicity and autofluorescence are minimal; the signal is spectrally distinct from FPs for multicolor experiments, and for future applications, longer wavelengths show decreased scatter and allow for improved tissue penetration.
Previously, these fluoromodules, combined with cell impermeant and cell-permeant dyes have been used to study the transport of membrane proteins to and from the cell surface and in secretory compartments, but applications within living cells have been limited to actin labeling. 34, 35 The scFv-derived FAPs may not fold properly in the reducing environment of the cytosol due to the presence of disulfide bonds within each variable domain, and the cell-permeant dye may partition within different subcellular organelles, preventing effective labeling in some cellular contexts. In this study, we compared three different FAPs: dL5**, a synthetic dimer of a light chain 36 with a disulfide forming pair of cysteines in each monomer; dH6.2, a synthetic dimer derived from a heavy chain with the second cysteine changed to alanine in each monomer; 34, 35 and p13-CW, a classic heavy-light scFv with the second cysteine in each domain changed to an alanine. 37 In order to characterize the cell permeability, binding, and activation of the cellpermeant malachite green ester (MGe) fluorogen, each FAP was expressed as an mCer3 fusion protein in five different subcellular compartments in mammalian cells; the cytosol, nucleus, mitochondria, peroxisomes, and endoplasmic reticulum. Targeting and colocalization with organelle specific dyes, photostability, and rate of fluorescence activation were measured by confocal microscopy while relative brightness and optimal dye concentrations were characterized by flow cytometry using no wash protocols and submicromolar dye concentrations. This study shows that these new genetically encoded FAPs can be targeted to the cytosol and to organelles within the cytosol and when localized can function to rapidly activate the highly fluorogenic far-red emitting MGe dye with no nonspecific activation of the dye. All organelles produced a photostable, nonphototoxic signal using a no-wash method.
■ RESULTS AND DISCUSSION
The fluorescent signal arises from a FAP-fluorogen complex only when both components are present at the same site and in functional form (e.g., properly folded protein, unmodified dye). Because of this two-component nature, it is important to understand both the access of the dye to a compartment and the function of the FAP in a particular subcellular environment. To assess these properties, we prepared a series of FAPmCer3 38 linked proteins targeted to subcellular sites ( Figure 1 ). Figure 2 , MGe (red) colabeled with mCer3 (green) for all three FAPs. The dL5** protein was then colocalized with SYTO, MitoTracker, ERTracker, and BODIPY-AKL. These results indicate that each FAP was properly targeted and folded and then activated the fluorogen in subcellular compartments of varying local environments (Supporting Information Figure S1 ). In most compartments, a low concentration of the MGe (25 nM) was sufficient to label the FAPs for imaging, whereas 50 nM and 175 nM of the MGe were needed to produce adequate fluorescent signals for the dH6.2 and p13-CW FAPs, respectively, in the cytosol, perhaps the result of higher K d 's of these FAPs. The heterogeneous expression levels observed in these images are a common result of transient transfections. The pBABE vector uses the Moloney Murine Leukemia Virus (MMLV) promoter to express proteins at a moderate level, chosen to reduce import saturation that sometimes results from overexpression. Under these conditions, each FAP was properly targeted and folded, and the MGe dye was able to penetrate the cellular compartment to achieve effective labeling at moderate dye concentrations. Colocalization with the compartment specific markers showed correct localization, quantitatively assessed using Pearson's colocalization correlation analysis. 39 Expression from a plasmid encoding the fusion protein with no targeting sequence results in cytosolic synthesis and release of freely diffusing FAP-mCer3 protein in the cell. These proteins are not directed to an organelle, so they remain in the cytosol and diffuse through the 10−20 nm opening of the nuclear pore, 40 resulting in a homogeneous fluorescent signal of the cytosol and nucleoplasm (cytosol in Figure 2 ). The FAPs employed here are 2−3 nm in diameter, 36 and FPs are 2.5 × 4 nm.
1 Therefore these easily diffuse in and out of the nucleus because they are below the size that is restricted by the nuclear pore (∼60−70 kDa).
The nuclear targeting sequence from the Mak16p protein, 41 a protein involved in ribosome assembly, was fused to the Nterminus of the FAP-mCer3 protein.
Although it is smaller than the commonly used SV40 nuclear localization signal (NLS), it efficiently targets to and retains the FAP-mCer3 proteins in the nucleus (Nucleus in Figure 2 ). Each FAP_MGe consistently showed a nuclear signal in both channels and colocalization with SYTO nuclear stain (Supporting Information Figure S1 ). Peroxisome targeting was achieved by the addition to the Cterminus of an SKL tripeptide, the peroxisome transport signal, PTS1. Proteins synthesized on cytosolic ribosomes and folded in the cytosolic environment are transported through an import pore without unfolding. 42 The fluorescence signal from these organelles (Peroxisome in Figure 2 ) is the brightest due to the concentration of all translated protein in the small volumes of the peroxisomes. BODIPY-AKL conjugates, 43 a proven peroxisomal marker, colocalized with the mCer3 and FAP_MGe signal, confirming organelle identity (Supporting Information Figure S1 ).
Initial experiments targeting the mitochondria with a mitochondrial signal peptide produced mixed results. When amino acids 1−22 of COX IV 44 were used, inconsistent localization was observed. Transient expression showed that the fusions were present in the mitochondria and could be labeled properly (Mitochondria in Figure 2 ), but selection to stable cell populations with puromycin or fluorescence activated cell sorting resulted in cytosolic localization. These results were observed in both the FAP_MGe and mCer3 channels, indicating that the protein transport into the mitochondria was perturbed and that it was not simply due to failure of the dye to penetrate the mitochondria. These observations could be the result of stable folding of the tandem protein prior to import, leader sequence blocking of import, 45, 46 puromycin blocking of import, 47 misfolding upon import, intermembrane space oxidation/reduction, 48 or collapse of the membrane potential. 49 Previous studies have shown that when this signal peptide alone was used from 15 to 100 μM, it caused mitochondria to swell, decreased membrane potential, and released cytochrome c. 50 The mitochondrial targeting sequence was then modified by the addition of the COX VIII signal sequence after the COX IV sequence, which resulted in consistent mitochondrial localization and no detectable residual cytoplasmic signal, even after selection to stably expressing cell populations (Supporting Information Figure S1 ).
Synthesis of endoplasmic reticulum (ER) proteins begins on free cytosolic ribosomes, revealing a nascent signal peptide that is rapidly recognized by the signal recognition particle (SRP), stalling further synthesis and delivering the ribosome to the SRP receptor for completion of synthesis and insertion into the oxidizing ER lumen through the translocon. The murine Igkappa leader sequence serves as the signal peptide in this study, and the ER retention signal tetrapeptide KDEL was added to the C-terminus of the proteins to keep the ER-soluble FAP- mCer3 resident in the early ER (ER in Figure 2 ). The FAPs and mCer colocalized with ER Tracker (Supporting Information Figure S1 ). Fluorescent Brightness and Photostability. The photobleaching rate of the FAP_MGe and mCer3 signal was studied by time-lapse imaging over 300 sequential acquisitions. The remaining fluorescent intensity of the last image (f300) relative to the first image (f1) was calculated and expressed as a percentage of signal retained ( Table 1 ). The mCer3 fluorescence was bleached consistently across all compartments, retaining a signal between 65 and 80% (mean ± SD = 73.13 ± 3.85) of the initial levels, and was insensitive to the presence of MGe bound to the associated FAP. In contrast, the FAPs, in the presence of excess dye, differed from each other and between compartments. The most generally photostable FAP was p13-CW (91.20 ± 2.78), then dL5** (73.20 ± 19.14), and the least was dH6.2 (40.60 + 16.71). No phototoxicity induced changes in cell morphology were observed in DIC images (Supporting Information Figure S2 ) at the end of the 300-frame timelapse (3 min).
After initial imaging experiments of transient transfections, cells were selected with puromycin, followed by fluorescence activated cell sorting for mCer3 positive cells. These cells were collected and expanded to produce the population for subsequent analysis. These stably expressing populations were analyzed for relative signals and dye loading rates by flow cytometry and time-lapse image analysis upon addition of the MGe fluorogen to the media. Figure 3 shows the flowcytometry determined relative signal levels of the various organelle-targeted FAPs in the MGe channel (A) and the mCer3 channel (B), normalized to the highest signal in each panel, for each subcellular compartment. Across the compartments, the dL5** and dH6.2 are similarly bright, with the exception of the peroxisomes. The mCer3 signal levels are consistently high with the dL5** fusion, suggesting that there may be some expression defect with the other constructs, perhaps due to improper folding of the FAP and degradation of the fusion protein in different compartments. Table 2 shows the fold activation for the optimal staining conditions. Across many compartments, the dL5** shows both high-level expression and high fluorescence activation (∼100−900-fold compared to autofluorescence of cells), while expression level and relative brightness of the dH6.2 and the p13-CW constructs are more heterogeneous.
The p13-CW FAP was photostable, but signal levels were inconsistent across multiple compartments compared to dL5**. In contrast, the dH6.2 was generally bright but considerably less photostable across multiple compartments. This property has proven useful for super-resolution imaging in previous studies 35 but may not be ideal for conventional cellular microscopy. For general use within cells, the dL5** FAP appears to have the most consistent properties. In addition, this protein performs very well at the cell surface, 36 providing a single FAP clone that can be used successfully across all cellular locations with a cell-permeant MG-based fluorogen. The origin of the low labeling level of the peroxisomes with the dL5** clone specifically may be an indication of sensitivity of the FAP to the particular conditions of this organelle and will be the subject of additional studies. Given the effective labeling of the dH6.2 peroxisomal construct, it cannot be explained by poor dye access in this compartment.
No-wash Labeling Dynamics. The rate of dye loading was analyzed by microscopy. A first evaluation of nonspecific activation and the impact of washing on the background fluorescence using nontransfected HEK293 cells showed that at 200 nM and 500 nM there was very low background activation on cells (<2X autofluorescence level), and washing showed no significant changes. At 1 μM, the dye displays some low-level nonspecific activation (4−5-fold over autofluorescence), weakly illuminating nuclei and dispersed puncta in the cytosol at levels far lower than the signal from FAP-expressing cells. This signal is decreased by washing (Supporting Information Figure S3 ). The dL5** clone was used to show the rapid dye activation at a variety of cellular locations when MGe dye is added to the media, even in the presence of serum. Figure 4 shows the activation kinetics when stably expressing cells are suddenly (100) 150 (500) a Data show the fold activation relative to untransfected HEK293 cells labelled with the same MGe concentration (100, 200, or 500 nM, as indicated in parentheses). The optimal degree of activation was measured by comparing median fluorescent intensities of cell populations, in independent duplicate experiments, analyzing >20 000 cells per experiment.
exposed to dye at a final concentration of 200 nM in the media. Under these conditions, the ER and mitochondria activate most quickly, reaching saturation within 10 min, while other organelles activate more slowly, requiring 20−30 min to reach a plateau. The half-time for activation of dye in all compartments was 15 min or less, and labeling patterns seen at the steady state were consistent with the imaged mCer3 patterns and properly colocalized. The addition of MGe therefore can be used to rapidly and specifically label intracellular targets without any required washing steps. The fact that the ER is the fastest labeling compartment, although it has multiple membranes to cross for labeling, suggests that there may be protein function differences in addition to dye access that control the activation rate in living cells. Analysis of the rate of loading of the nuclear targeted constructs for each FAP revealed that p13-CW and dL5** were activated at similar rates, while dH6.2 was activated about 2-fold more slowly (Supporting Information Figure S4 ). In contrast to the high affinity of dL5** reported at the cell surface, cytosolic FAPs reach saturation labeling above 200−500 nM concentrations (Supporting Information Figure S5 ), suggesting that functional binding or intracellular dye concentration is reduced in the cellular environment. The fact that ER labeling failed to reach saturation with a 200−500 nM dye concentration, in spite of the secretory environment for folding of the expressed FAP, suggests that a main limitation of the labeling here is the rate of dye penetration of the cellular membranes. This analysis is consistent with the rapid early dye labeling of FAP expressed in mitochondria, which may be driven by equilibrium accumulation of the cationic dye into the negative membrane potential of the mitochondria, followed by a slower accumulation phase that completes the mitochondrial FAP labeling. Importantly, although differences are seen, the loading half-time determined for all organelles with the MGe dye is in the range of 7−15 min, consistent with rapid fluorogenic labeling across all subcellular locations. Improvements to the dye structure may increase the rate of cell permeation and improve the effective labeling rates for FAPs in these cellular locations. In order to compare to the loading of the PYP-tag, the fastest reported intracellular fluorogenic label, we tested nucleartargeted FAP loading rates in the presence of 1 μM dye, conditions identical to those examined in the work of Hori et al. 29 The graph of intensity from the time-lapse imaging reveals rapid loading (Supporting Information Figure S6 ). The PYPtag reportedly achieved a plateau in labeling after 6 min, while these results show that the MGe dye achieved its labeling plateau in 7 min, proving its value as a rapid, far-red alternative for fluorogenic labeling. A video showing the specific loading in 1 μM dye is included to show the specific and rapid intracellular labeling obtained (Supporting Information Video S1).
Conclusions. This study has presented a new labeling technology for cytoplasmic compartments that is no-wash, farred, highly fluorogenic, photostable, and nonphototoxic and functions in all organelles. The cell-permeant MGe dye can cross the plasma membrane and label expressed FAPs in various intracellular compartments within minutes, when applied to the bath in nanomolar concentrations, where no significant background fluorescence or nonspecific activation is seen from the fluorogen alone. This rapid, general, and highly fluorogenic response paves the way for potential applications in complex tissues and model organisms where washing of an unbound label or high concentration application is not practical on an experimental time scale. Further, variations of the fluorogen have been shown to produce a variety of distinct spectral and sensing properties for a given FAP. 33,51−55 Although these approaches have previously focused on applications at the cell surface, the availability of FAPs that function within cells suggests that cell-permeant versions of these varied fluorogens may be developed that deliver many of these functions to intracellular targets. Finally, fluorogenic labeling of organelles within cells using FAPs provides a far-red alternative to chemo-or osmotropic labeling with bath-applied dyes, one that is independent of organelle physiology, and which is compatible with independent multicolor experiments using other dyes and fluorescent proteins, as demonstrated here with mCer3, green organelle-tracker dyes, and the far-red FAP signal (Supporting Information Figure S1 ). The intracellular FAP-fluorogen approach outlined here is a versatile, effective fluorogenic labeling strategy.
■ METHODS
Bacterial Strains and Vectors. The Escherichia coli (E. coli) bacterial strain MACH1-T1 (Invitrogen) was used as the host for cloning. The vector used was a derivative of the retroviral pBABE-puro plasmid (http://www.addgene.org/1764, Garry Nolan) with the SfiI site deleted.
DNA Constructions. The sequences of the oligonucleotides used are shown in Supporting Information Table S1 . The pBABE vector was modified by introducing a new multiple cloning site in between the BamHI and SalI sites, and annealed oligonucleotides BamMCSfor and SalMCSrev were inserted, resulting in pBABEmod with BamHI, EcoRI, NdeI, AgeI, XhoI, and SalI sites (Figure 1) .
The FAP, dL5**, with an amino terminal c-myc tag, EQKLISEEDL, and surrounded by SfiI sites, was amplified from pPNL6-dL5 NP138 with primers EcomycSfidL5F and NdeSfidL5R. For constructs without the c-myc tag, the primer EcoSfidL5F was used. Then the dH6.2 and p13-CW FAP were amplified using the primers, dH6SfiF and dH6SfiR, and CharlieSfiF and CharlieSfiR. PCR products were digested and ligated into a digested vector. The 2XG4S linker oligos, NdeG4SF and AgeG4SR, were annealed and ligated into a similarly digested vector. The mCer3 fluorescent protein 38 was amplified using AgeCFPFor and XhoStCFPRev or XhoCFPRev, and the PCR product was digested with AgeI and XhoI prior to ligation.
For cytosolic expression, the Kozak and ATG were added by annealing oligos BamKozATGF and EcoKozATGR. To target the nucleus, a nuclear localization signal was formed by annealing oligos BamNLSfor and EcoNLSrev before ligation into the BamHI and EcoRI digested vector. The amino acid sequence that is coded for is Nterminal MNKNSAKRRKKGTSAKTKRPKV. 41 The mitochondrial import sequence is derived from the human COX IV gene 44 and codes for the first 22 amino acids MLATRVFSLVGKRAISTSVCVR. The COX VIII signal peptide sequence, MSVLTPLLLRGLTGSARRLPV-PRAKIHSLPPEGKL, was added after the COX IV. For peroxisome import, the PTS1 recognition, SKL, was added to the C-terminus of the protein by using the CFP reverse primer, XhoStSKLCFPR. To target proteins into the ER, the murine Ig kappa-chain leader sequence from pDISPLAY (Invitrogen) was added into the BamHI and EcoRI sites by PCR amplifying with primers BamKappaF and EcoKappaR, and to retain the FAPs in the ER, KDEL was added to the C-terminus of the protein by annealing oligos XhoKDELSTOPF and XhoKDEL-STOPF and inserting at the XhoI site.
Cell Lines for Tissue Culture. Untransfected HEK293 cells and HEK293 cells stably expressing constructs were cultured and maintained in a 100 mm dish in Dulbecco's Modified Eagle Medium (DMEM) with 10% fetal bovine serum (GIBCO, Life technologies). Every fourth day, cells were dissociated using trypsin, and the dissociated cells were plated at a density of 4 × 10 5 cells on 35 mm dishes for further experiments.
Transfection and Generation of Stable Cell Lines. HEK293 cells were transfected using MIRUS TransIT-LT1 Reagent (Mirus) and selected for puromycin resistance (2 ug mL
) after 48 h. For the generation of stable lines, the puromycin resistant cells were harvested using trypsin (0.05% w/v), resuspended in PBS, and sorted using a Becton Dickinson FACS Vantage SE Flow Cytometer (Becton Dickinson) with excitation using the 405 nm laser, and emission filters were 450/50 nm. The gates were set above an untransfected control to retain those cells expressing mCer3. The 15 cell lines were transfected in three batches over three consecutive days and then sorted in three batches over three days also.
Imaging. Cells in 35 mm glass-bottom (∼0.17 μm thickness) dishes were imaged using an Andor Revolution XD system with a Spinning Disk Confocal microscope equipped with a Nikon 60x/1.49 NA TIRF oil immersion objective. Solid-state lasers of 405 and 640 nm were used to excite mCer3 and MGe, and emitted photons were transmitted through 525/50 and 685/70 nm filters, respectively, and detected on an Andor EMCCD camera (iXon X3 897 BV). Laser power (119 μW at the sample) of the 405 and 640 lines as well as exposure time (600 ms) and gain (300) of the camera were kept the same during all data acquisition. A sample with FAP-mCer3 expression in a cellular compartment was imaged first; then MGe (25−175 nM, see Results) was added in the dish for ≥20 min in the dark, and the sample was imaged again. The imaging included a sequential collection of confocal images and a DIC image, then a time-lapse of 300 image frames for either a FAP-mCer3 sample or FAP-mCer3_MGe sample, and at last a DIC image (to observe cell shape and size after exposure to laser illumination). The time interval for the time-lapse was set as fast as possible. Dishes and solutions were kept either in an incubator or a microscope stage incubator (Pathology Devices, Inc.) at 37°C, 5% CO 2 , and humid conditions. Colocalization of mCer3, MGe, and organelle marker dye signals were analyzed with Imaris software (Bitplane) for Pearson's coefficient, and Costes' automatic thresholding was utilized. Fluorescent intensity of images using time-lapse photography was measured with ImageJ. 56 Multiple ROIs were manually drawn in cell regions for the mean and SD of pixel values. The percentage of remaining fluorescent intensity was also calculated (f300/f1 × 100%) using measured intensities of the first image (f1) and the last images (f300) using time-lapse photography. The mCer3 signal was measured without MGe in the media. Curve fit of exponential decay (y = y 0 + Ae −x/t ) on time-lapse data was performed with OriginPro 8 (OriginLab Corporation).
To study timing of MGe activation by FAPs, time-lapse imaging experiments were performed on the spinning disk confocal microscope using 405 and 640 nm lasers for excitation, coupled with a 447/60 nm emission filter for mCer3, and a 685/70 nm emission filter for MGe.
Cells were incubated under physiological conditions as described above. A 37°C stock of MGe dye twice the target concentration in culture media was mixed on the dish with an equal volume of media at 37°C during imaging to achieve a well-mixed final solution in the concentration range of 10−500 nM MGe on the cells. Multiple positions (20) on one dish were selected for each condition. Timelapse imaging was carried out at 1 min intervals over 90 min, imaging in each channel for every time point. Camera exposure time was 400 and 200 ms for 405 (laser power) and 640, respectively. All camera settings were kept consistent throughout the experiments. Intensity analysis of selected regions of interest was performed on the time-lapse data sets using ImageJ.
Flow Cytometry. The day prior to flow cytometry experiments, 4 × 10 5 HEK293 cells (stably expressing mCer3) were seeded into six well plates. Cells were incubated for 1 h with varying concentrations of MGe in the culture medium. After incubation, cells were washed three times with PBS and harvested by treating with trypsin (0.05% trypsin-EDTA). Cells were pelleted by gentle centrifugation and resuspended in PBS for the flow cytometric analysis on a Becton Dickinson FACS Vantage SE Flow Cytometer (Becton Dickinson). Violet Diode (405 nm) and Red HeNe (635 nm) lasers were used to excite mCer3 and FAP_MGe. Emission filters were 450/50 and 685/35 nm, respectively. A total of 20 000 events were collected for each sample, and the forward-and side-scatter properties were used to exclude the dead cells and debris from analysis. Median fluorescence intensity values were obtained by gating ∼80−85% of the total cell population on the basis of forward-and side-scatter characteristics using FlowJo software (TreeStar, Inc.). The same gate was applied to all the samples. Untransfected HEK293 cells without dye and with different dye concentrations were processed similarly and were used to normalize the background fluorescence signal in both channels. Histograms of data can be found in the Supporting Information, Figures S7 (mCer3-FAP cells) and S8 (untransfected cells). Graphs of analyzed data were generated using the GraphPad Prism software (GraphPad Software).
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